The ability of neurons to modulate the strength of their synaptic connections has been shown to depend on the relative timing of pre-and postsynaptic action potentials. This form of synaptic plasticity, called spike-timingdependent plasticity (STDP), has become an attractive model for learning at the single-cell level. Yet, despite its popularity in experimental and theoretical neuroscience, the influence of dendritic mechanisms in the induction of STDP has been largely overlooked. Several recent studies have investigated how active dendritic properties and synapse location within the dendritic tree influence STDP. These studies suggest the existence of learning rules that depend on firing mode and subcellular input location, adding unanticipated complexity to STDP. Here, we propose a new look at STDP that is focused on processing at the postsynaptic site in the dendrites, rather than on spike-timing at the cell body.
Introduction
Adaptation and learning are among the most remarkable abilities of the brain. Neurons modify their synaptic connections to adapt to changes in sensory input, for example after sensory deprivation caused by the surgical closure of the eyes [1] . Changes in synaptic strength are also thought to underlie learning and storing of new memories. Experimental evidence for long-term changes in synaptic strength was first shown in the hippocampus of rabbits, where tetanizing perforant path afferents to the dentate gyrus induced long-term potentiation (LTP) of these synaptic connections [2] . Later, changes in the strength of synaptic connections leading to long-term depression (LTD) were also described [3] .
The characteristics of the induction of LTP or LTD resembled a model for memory storage previously suggested by Donald Hebb. This model was based on the idea that neurons that are active at the same time strengthen their synaptic connections ('fire together wire together') [4] ( Figure 1a ). The molecular candidate detecting synchronous firing in pre-and postsynaptic neurons was soon found to be the NMDA receptor, which functions as a coincidence detector. It opens its Ca 2+ -permeable pore only when presynaptic glutamate release is coincident with postsynaptic depolarization, leading to removal of the voltage-dependent magnesium block inside the NMDA channel pore [5, 6] . Given that many forms of LTP and LTD are dependent on NMDA receptor activation, bi-directional changes in Hebbian synaptic plasticity are thought to result as strong activation of the NMDA receptor leads to a large Ca 2+ influx at the postsynaptic site that induces LTP, whereas moderate NMDA receptor activation and Ca 2+ influx is thought to cause LTD [7] .
The classical STDP model
In recent years, a variation of this form of synaptic plasticity has been described that involves pairings of only a single pre-and postsynaptic action potential, in which the sign and magnitude of the change in synaptic strength are determined by the relative timing of spikes in the connected neurons (Figure 1b ). This form of synaptic plasticity has been named spike-timing-dependent plasticity (STDP) [8, 9] . Whereas in many cases STDP has been shown to depend on NMDA receptor activation, spike-timing-dependent LTD can also be induced via activation of metabotropic glutamate receptors [10, 11] and after dendritic release of endocannabinoids [12, 13] .
Typically synapses that have transmitted an excitatory postsynaptic potential (EPSP) just before the generation of a postsynaptic action potential will be potentiated (positive timing), whereas EPSPs arriving after action potential generation undergo synaptic depression (negative timing; although see [11, 14, 15] ). In other words, synapses that contribute to the depolarization leading to postsynaptic firing will be enhanced, whereas uncorrelated synaptic inputs will be suppressed. Given that most synaptic inputs are made onto dendrites, signalling to the synapse that the neuron has generated an output is thought to be mediated by backpropagating action potentials [16] . Action potentials, once generated in the axon [17, 18] , not only propagate along the axon towards presynaptic terminals, but are also capable of propagating backwards into the dendritic tree in many neurons [19] . There, they provide the necessary depolarization to relieve the Mg 2+ block of the NMDA receptors [20, 21] , which is essential for STDP induction [9, 22] . The timing of backpropagating action potentials relative to glutamate binding to NMDA receptors determines the amount of NMDA receptor activation [15, 20] 
